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Pulmonary alveolar proteinosis (PAP) is a rare parenchymal lung disease characterized by accumulation of surfactant in the airways that leads to hypoxemic respiratory failure \[[@bib1], [@bib2], [@bib3]\]. There are mainly three types: hereditary, secondary and autoimmune PAP \[[@bib1]\], where autoimmune PAP (aPAP) in adults accounts for more than 90% of the cases. The literature regarding aPAP in children is sparse and the treatment algorithms are not well documented. Whole lung lavage (WLL) is considered the golden standard \[[@bib4]\], though alternative treatment options with inhaled granulocyte-macrophage colony stimulating factor (GM-CSF) have been described \[[@bib5], [@bib6], [@bib7]\]. We here describe a unique case of a 14-year-old patient who was successfully treated with WLL and subsequent inhalations with molgramostim -- recombinant human GM-CSF (rhGM-CSF).

2. Case {#sec2}
=======

A 14-year-old girl was referred to the Danish Center of Interstitial Lung Disease, Aarhus University Hospital for specialized treatment due to a newly diagnosed aPAP. She complained of a constant cough and dyspnea on exertion starting a year before referral. Neither antibiotics nor inhaled corticosteroids improved the patient\'s condition and further investigations were performed at another hospital. High resolution computed tomography (HRCT) showed bilateral changes typical for PAP with not a classical crazy paving pattern ([Fig. 1](#fig1){ref-type="fig"}). A surgical biopsy revealed alveoli filled with a granular proteinaceous material, strongly eosinophilic on hematoxylin-and eosin staining (HE) and positive with the periodic acid-Schiff stain and diastase-resistant (PAS + D), which is considered characteristic for PAP ([Fig. 2](#fig2){ref-type="fig"}). Blood assays showed elevated high levels of GM-CSF antibodies. There was no suspicion of rheumatological or hematological diseases. Based on these results a diagnosis of aPAP was confirmed and the patient was referred for treatment.Fig. 1High Resolution computed tomography at diagnosis showing pattern with interlobular thickening and ground glass opacities, and not a classical crazy paving pattern.Fig. 1Fig. 2Light microscopy of the surgical biopsy from the left lung\'s lingula shows lung parenchyma containing large areas where the alveoli are totally filled with a granular proteinaceous material that is strongly eosinophilic on hematoxylin-and eosin staining (HE). The alveolar walls display diffuse moderate infiltration of lympho-histiocytic cells. The intraalveolar material is also positive with the periodic acid-Schiff stain and diastase-resistant (PAS + D), as well as strongly immunohistochemically positive for surfactant-A protein (S--A) and to a less extent for surfactant-B (not shown), consistent with its derivation from surfactant phospholipids and protein components. Accumulation of surfactant-A is also seen in the hyperplastic pneumocytes covering the alveolar walls and in the intraalveolar macrophages. Cytokeratin staining (CK) highlights the hyperplastic type-II pneumocytes on the alveolar walls and the proteinaceous cell debris of exfoliated pneumocytes in the intraalveolar material. (All figures, 100X).Fig. 2

At the time of referral to our department the patient reported regular cough and dyspnea upon physical exertion. She had no weight loss, fever or recurrent infections. She had no family history of lung disease and was a never-smoker. Physical examination was normal. Pulmonary function tests revealed a forced expiratory volume in one second (FEV1) of 2.23 L (62%), forced vital capacity (FVC) of 2.64 L (70%), total lung capacity (TLC) of 72% and carbon monoxide diffusing capacity (DLCO) of 54% of predicted. Arterial gas analysis showed pO2 within a normal range of 14.3 kPa. According to the classification proposed by Inoue et al. her disease severity score (DSS) was 2 (symptomatic and PaO2 over 70 mmHg) \[[@bib2]\]. After evaluation of the patient\'s history she was treated with WLL without improvement. After the third WLL, supporting treatment with inhaled GM-SCF was therefore initiated. Firstly, sargramostim (Leukine; Sanofi-Aventis; 250 μg x 2 per week) was used for a short period, but when molgramostim became available in a named patient program, it was decided to change the inhalations to rhGM-CSF -- molgramostim (Molgradex; Savara Pharmaceuticals). We chose the following treatment protocol: 300 μg daily in seven days repeated with seven days of pause. After seven months, the therapy was intensified to 300 μg daily. HRCT one year after the treatment did not reveal significant regression of the crazy-paving pattern. Nevertheless, there was a significant clinical improvement with remission of all her symptoms, as well as in her pulmonary function, which almost normalized. After 17 months of molgramostim inhalations her FEV1 was 2.58 (79%), FVC 3.05 (79%), TLC 77% and DLCO 74% of predicted. No adverse effects of the molgramostim inhalations were observed. The patient is now stable, and the inhalations have been discontinued.

3. Discussion {#sec3}
=============

PAP was first described by Rosen et al., in 1958 \[[@bib8]\]. Further investigations revealed the complex nature of the disease. In neonates and children surfactant production disorders are most common and can lead to alveolar wall distortion and different degrees of accumulation of dysfunctional surfactant. The described mutations in the genes of the surfactant protein are for surfactant protein-B (SFTPB), surfactant protein-C (SFTPC), member A3 of the ATP-binding cassette family of transporters (ABCA3) and thyroid transcription factor 1 (NKX2--1) \[[@bib3],[@bib9],[@bib10]\]. Mutations in the genes encoding the GM-CSF receptor (CSF2RA and CSF2RB) are also known \[[@bib11],[@bib12]\], suggesting that PAP can be familiar.

Autoimmune PAP occurs less often in children. No epidemiological data exists and only five case reports are published \[[@bib6],[@bib7],[@bib13], [@bib14], [@bib15]\]. The treatment approach is the same for children as for adults. In 1964 Ramirez-Rivera successfully performed WLL \[[@bib16]\] and the procedure became first line therapy for PAP patients. Different techniques are used according to specialized center preferences. Until now the procedure has not been standardized. Regardless, it always requires a skilled team, including anesthesiologists, physiotherapists and pulmonologists as well as careful planning and execution to optimize its safety and efficacy \[[@bib4]\]. Campo et al. provides data that determine WLL to be safe and associated with a low rate of procedure-related morbidity: fever (18%), hypoxemia (14%), wheezing (6%), pneumonia (5%) and fluid leakage (4%), pleural effusion (3.1%), and pneumothorax (0.8%) \[[@bib17]\]. Nevertheless, alternative treatment options are needed in refractory cases. Recent investigations showed good results of inhaled therapy with recombinant GM-CSF. The first successful treatment with an inhaled GM-CSF was provided by Compa and colleagues in an adult patient with secondary PAP \[[@bib18]\]. Price at al \[[@bib6]\]. describe a case of a 13-year-old girl with aPAP who was successfully treated with inhaled GM-SCF (sargramostim) after clinically and radiographic deterioration, despite WLL-therapy. Yamamoto et al. \[[@bib7]\] treated a 9-year-old girl with subsequent therapy of WLL and inhaled GM-SCF (sargramostim). This case was initially refractory to the inhalation therapy probably due to inefficient access of GM-CSF to the alveolar spaces because of densely accumulated surfactant. After induction of a partial remission by WLL, continued inhalation of GM-CSF consolidated and maintained the remission of PAP. In 2012, Leth et al. suggested an algorithm of treatment of aPAP \[[@bib19]\]. Patients with symptoms and DSS 2 should be considered for inhalation therapy. They propose to initially perform WLL once, maybe twice on each affected lung, depending on the response. WLL serves primarily to cure the patient, and secondly to remove as much of the PAS-positive material as possible. Theoretically, this could be speculated to allow the following treatment with inhaled GM-CSF to exert its effect in more peripheral lung areas. There is no consensus on the length of inhaled GM-CSF as well as the choice of inhaled GM-SCF. Molgramostim is a non-glycosylated recombinant human GM-CSF expressed in *E. coli.*, whereas sargramostim is recombinant human GM-CSF expressed in yeast and is therefore glycosylated. The amino acid sequence of molgramostim is identical to human endogenous GM-CSF as compared to sargramostim, which differs from the native protein with a substitution of leucine at position 23. Although the specific biological activity (*in vitro* potency) is higher for molgramostim than sargramostim, the two compounds have been used interchangeably in aPAP \[[@bib20],[@bib21]\].

There is no approved pharmacological therapy for aPAP but inhaled GM-CSF is widely used. Molgramostim is a new recombinant GM-CSF that in the present case was beneficial and without any side effects. The current case adds to the clinical experience of inhaled molgramostim \[[@bib21], [@bib22], [@bib23]\], now also expanding it into the pediatric age group.
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